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(57) Abstract 

Route planning system (10) uses a computer (11) and stored 
road data to calculate a desired route. Road data is stored in a multi- 
ple layer road map data memory (13) in hierarchical multiple layers 
(17, 18, 19), each layer defining roadways by stored road segments 
(1S1-3S7) which extend between nodes (135-365) that correspond to 
roadway intersections. A first layer (17) of road data designated first 
layer roadways while a second layer (18 or 19) designates only some of 
the first layer roadways as second layer roadways. Stored second layer 
road segments (2S1-2S17 or 3S1-3S7) extend between intersections of 
the roadways designated in the second layer rather than between inter- 
sections of roadways in the second layer with roadways or road seg- 
ments not in the second layer but in the first layer. Some of the second 
layer road segments (2S1-2S17 or 3S1-3S7) may be equivalent to the 
combination of several road segments (1S1-1S52) stored in the first 
layer. Storage requirements for road data is minimized while route 
planning is speeded up. 
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MULTIPLE LAYER ROAD MEMORY STORAGE DEVICE AND ROUTE 

PLANNING SYSTEM 

Fi^,lri of t:he Invention 

* 5 

The present invention relates to the field of 
multiple layer road memory storage devices and route 
planning systems which utilize multiple layer road 
memory storage devices. 

10 

gacHqrQund of tii^ invention 

Many prior vehicle route planning systems are 
known in which data concerning fixed roadways in a 

15 predetermined geographical area are stored in a memory 
device and the route planning system utilizes such data 
in determining an optimum route to a desired destination 
via the fixed roadways. Most prior automobile /vehicle 
route planning systems for planning travel along fixed 

20 roadways utilize some form of such prior systems- In 
such prior systems the desired route is achieved by 
accessing the data defining all of the possible roadways 
for travel and then selecting, according some 
predetermined criteria, which fixed roadways should be 

25 utilized to define an optimum path to the desired 
destination. 

In some of the above noted prior route planning 
systems, the roadway data is stored hierarchically in 

30 several different layers of road data with, typically, 
one layer representing a detailed road layer in which 
all roadways are designated and another layer 
representing a higher layer containing just vehicle^ 
roadways having certain travel characteristics rather 

35 than all roadways . Thus a detailed roadway layer having 
every road and street of every type is provided, and 
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then, for example, a higher layer of roads having 
information about just major roads and limited access 
expressways may be provided. Of course this can be 
extended such that an even higher layer of roadways can 
5 be stored having, for example, just limited access 
expressway roads. In such prior systems, typically 
route planning- occurs by having origin and destination 
locations located on the most detailed layer. Then, a 
route is provided to an intersection of roadways that 

10 are defined on the next higher roadway layer. Then, 
route planning is implemented on the higher roadway 
layer. In this manner, more efficient route planning is 
achieved since the majority of the route planning will 
occur at the higher road layer which therefore will 

15 ignore data and potential road choices relating to 

roadways not designated in this higher layer. Several 
such prior multiple layer systems are known and have 
been described in various articles. 

20 In previously known multiple layer road memory 

devices, and route planning systems which utilize such 
devices, each roadway in each layer is defined by road 
segments which make-up each roadway, and each road 
segment extends between intersections of that roadway 

25 with other roadways in the same layer. Route planing 

occurs by determining, at each intersection, what other 
road segments are connected to that intersection. Then, 
one of the these road segments is selected for use in 
the desired route. The route segment selection 

30 typically occurs in accordance with some predetermined 
criteria, and several systems are known which utilize 
various criteria for accomplishing this. In some 
systems, a route is determined by simultaneously .. 
searching from both the origin and the destination for a 

35 desired route. The search ends when a common road 

segment is found by this simultaneous double searching. 
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An example of this type of searching is commonly known 
as the double ended A-star algorithm. 

In known prior route planning systems which 
5 utilize multiple layer road data storage, the layers 
differ only in that some road segments found in the 
lower layer are not carried forward into the higher 
layer since the roadways defined by those segments are 
not to be provided or designated in the higher layer. 

10 For roadways which are defined in both the higher and 

lower layers, the road segments which define the roadway 
in the lower layer are reproduced substantially exactly 
in the higher layer. Thus some road segment data in the 
first layer is just duplicated in the second layer and 

15 no reformatting of this data is needed. However, one 
result of this is that a relatively large amount of 
memory is required for the higher layer because all of 
the small road segments for a roadway contained in the 
lower layer are carried forward into the higher layer if 

20 the roadway is also contained in the higher layer. A 
more significant disadvantage of the prior systems is 
that route planning still is relatively time consuming 
because decisions are made at the end of each and every 
road segment as to whether or not there are any 

25 additional road segments connected to these road 

segments and which of these additional road segments are 
to be selected. The route planning process generally 
always implements such steps even though there is only 
one road segment that is connected to the end of another 

30 road segment in the second layer. While the prior 

systems have an advantage in that the roadway data in 
the second layer is just a direct subset of the roadway 
data in the first layer, this is offset by the fact that 
the second layer requires a substantial amount of 

35 memory, and also by the fact that the time for route 
planning still is relatively lengthy, especially when 
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route planning takes place over a substantial distance 
and therefore involves several hundred or several 
thousand individual road segments. 



In one embodiment . of the present invention, a 
multiple layer road memory storage device is provided. 
10 The device con?)rises a road memory means for storing 

therein road data defining fixed roadways located in a 
predetermined geographical area, wherein this road data 
is hierarchically stored in multiple layers in the road 
memory means. The road memory means includes a first 
15 portion for storing a first detailed layer of road data 
designating a large number of first layer vehicle 
roadways of various categories and their intersections 
with each other. Each stored first layer roadway is 
defined at least by stored first layer road segments 
20 which extend between stored first layer nodes that 
correspond to ea.ch of the first layer roadway 
intersections. The road memory means also includes a 
second portion for storing a second higher level layer 
of road data designating only some of the large number 
25 of first layer roadways as second layer roadways and 

designating second layer roadway intersections between 
each of the second layer roadways. Each of the second 
layer stored roadways is defined at least by stored 
second layer road segments which extend between stored 
30 second layer nodes which correspond to intersections of 
roadways designated in said second layer with other 
roadways designated in said second layer rather than 
between intersections of roadways in the second layer 
with roadways/road segments designated in the first 
35 layer but not the second layer. A route planning system 
which utilizes such a road memory storage device is also 
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provided wherein a route planning computer means 
utilizes the data in the first and second stored roadway 
layers to determine a desired route to a destination via 
the stored fixed roadways . Preferably, at least some of 
5 the road segments stored in the second layer are the 
equivalent of the combination of several of the road 
segments stored in the first layer. 

By utilizing a multiple layer road memory storage 
10 device and route planning system as described above, 
less storage space is required for storing the second 
layer of road data since the second layer road segments 
are combinations of several of the individual road 
segments stored in the first layer. This ref oirmatting 
15 of the road data to create combination road segments for 
the second layer also results in iit^roving the route 
planning process since there will be fewer nodes 
corresponding to the ends of road segments in the stored 
second layer of road data. These advantages and others 
20 are subsequently discussed in more detail. 

Brief D escription of the Drawings 

25 The present invention can be better understood by 

reference to the drawings, in which: 

FIG. 1 is a schematic diagram of a route planning 
system;' 

30 

FIG. 2 is a schematic diagram representing the 
internal configuration of a memory device which is part 
of the system shown in FIG. 1; 
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FIG. 3 is a schematic diagram of various roadways 
designated in a first layer of stored roadway data in 
the device in FIG, 2; 

5 FIG. 4 is a schematic diagram of a second and 

higher layer of roadway data stored in the device in 
FIG. 2; 

FIG. 5 is a schematic diagreun of a third layer of 
10 roadway data stored in the device in FIG. 2; 

FIG. 6 is a diagram illustrating a potential 
configuration for one road segment stored as part of the 
second layer shown in FIG. 4; 



15 



FIG. 7 is a chart indicating the type of 
information stored for each road segment in each of the 
layers shown in FIGs. 3, 4 and 5; 

20 FIG. 8 is a flowchart illustrating the general 

operation of the route planning system shown in FIG. It 
and 

FIG. 9 is a flowchart illustrating in more detail 
25 one of the flowchart steps shown in FIG. 8. 



p^^p-ii«>H j^^'^r.T^-nrA r^r, n-F i-he Preferred EmbotlimentS 



30 



Referring to FIG. 1, a vehicle route planning 
system 10 is illustrated which includes a navigation 
con?>uter 11 that receives input information from an 
operator controlled input device 12, a multiple layer 
road map data memory device 13, and direction, distance 
35 and position sensors designated in block form as block 
14. The navigation computer 11 includes therein route 
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planning apparatus, comprising appropriate programming 
of the con5>uter 11 and designated in FIG. 1 as block 
llA, to calculate a desired route, via fixed roadways 
stored in the memory device 13, to a desired 
* 5 destination. After this route is calculated, the 

calculated route will be stored in a route memory 
location designated in FIG. 1 as area IIB. Then the 
navigation computer 11 will provide appropriate 
audio/visual instructions to a vehicle operator to 
10 enable him to travel the calculated route wherein a 
speaker 15 and a CRT visual display 16 provide such 
information to the vehicle operator. 

Essentially, a vehicle operator will use the input 

15 device 12 to tell the navigation computer 11 where he 

wants to go {i*e. a destination) . The memory device 13 
has stored therein all of the possible roadways in a 
predetermined geographical area which can be used for 
traveling in that area. The navigation computer 11 then 

20 determines the present position of the vehicle or this 
position can also be input to the computer by the 
vehicle operator using the input device 12. The 
navigation computer then calculates an optimum route to 
the desired destination and the route is stored in the 

25 route memory IIB. This operation, as described above, 
takes place in many of the many known route planning 
systems and also in known navigation systems which 
utilize route planning as a part thereof. Subsequently, 
the navigation coic5>uter, on the basis of the route 

30 stored in the memory IIB, and the travel path/position 
of the vehicle as determined by the sensors 14, will 
provide appropriate navigation instructions to the 
vehicle operator via the speaker 15 and visual display 
16. Such navigation systems are known and described in 

35 prior literature. 
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15 



A significant feature of the present route 
planning system 10 is that the memory device 13 is a 
multiple layer road map memoary device in which road data 
is stored in various layers such that there exists a 
lower or base layer in which every roadway is defined 
and there exists at least one higher layer in which only 
some roadways are defined while minor roadways are not 
defined therein. Thus,, for efficient route planning, 
some of the route planning will occur by utilizing the 
second or higher level of road data. Route planning in 
the second or higher level is more efficient since less 
data is present and therefore less data has to be 
reviewed in this higher layer in order to plan a desired 
route. 



FIG. 2 schematically represents the internal 
configuration of the memory device 13 in which a first 
or lower level layer of road data is stored in a large 
memory portion 13A of the memory device 13 while a 
20 second or higher layer of roadway data is stored in a 

much smaller memory portion 13B of the memory device 13 
and a third and even higher layer of roadway data is 
stored in an even smaller memory portion 13C of the 
memory device 13. While three layers of roadway data 
25 are indicated in FIG. 2, even providing just two layers 
of memory data will provide a significant advantage for 
the route planning system 10 when the data is arranged 
as described herein. Also, providing additional layers 
of roadway data is also possible. The road data in the 
30 memory device 13 is hierarchically stored in multiple 
layers with each layer designating vehicle roadways in 
that layer and their intersections with each other. The 
contents of each of these layers will now be more Jully 
described in connection with FIGs . 3 through 7 . 

35 
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Referring to FIG. 3,. a first or lower roadway 
layer 17 is illustrated in schematic form as comprising 
a road network having 52 individual road segments. Each 
of the road segments in FIG. 3 is designated as ISl 
through 1S52. Each individual road segment in the first 
layer extends between two end points of this road 
segment which correspond to first layer nodes that 
correspond to intersections of the roadways in the first 
layer with other roadways contained in the first layer. 

Preferably, the first or lowest layer, layer 11, 
of road segments shown in FIG. 3 comprises every fixed 
vehicle road path in a geographical area . Thus all 
roads, such as residential, main arterial and limited 
access expressways, are shown in FIG. 3 with all of 
their intersections with other roads that are shown in 
FIG. 3, FIG. 4 represents a higher layer 18 of roadway 
data and thus only some of the roadways shown in FIG. 3 
will be represented in FIG. 4, For example, FIG. 4 
would represent the main arterial and limited access 
roadways, but not the smaller residential streets that 
are also shown on the first layer. The higher layer 18 
has seventeen road segments 2S1 through 2S17. 
Similarly, FIG. 5 represents a higher layer 19 which 
includes, for example, just the limited access highways 
and does not include the main arterial roads shown in 
FIGs. 3 and 4 or the residential streets shown just in 
FIG. 3. The layer 19 has seven road segments 3S1 
through 3S7 . "Nodes" 135-365 corresponding to road 
segment end points are illustrated as circles in FIGs. 
3—5 . These nodes represent intersections of road 
segments of one road in one layer with road segments of 
a different road in the same layer. Nodes having 
numbers in the one hundreds are only in layer one (layer 
17), while nodes having numbers in the two hundreds are 
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15 



20 
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35 



in both layers 17 and 18, and nodes having numbers in 
the three hundreds are in each layer 17, 18 and 19. 

The basic idea of prior multiple layer road memory 
devices is to create different layers of road data so 
that route planning can occur efficiently by planning 
the majority of the route on a higher layer than the 
lowest road data layer. This is because on a higher 
layer you will essentially automatically exclude travel 
on less desirable streets such as residential streets 
because data concerning the road segments that comprise 
these residential streets will not be present on the 
higher level. Therefore, by planning a route on a 
higher layer, less desirable road segments do not have 
to be considered by the route planning software of a 
navigation coir?)Uter . 



While prior multiple layer storage devices, and 
route planning systems using such devices, have 
attempted to achieve the above noted route planning 
calculation efficiency, they apparently were also 
concerned with minimizing the effort to create the data 
in the higher road map data layers. Thus, for example, 
prior systems would not have a higher layer 
25 corresponding to the layer 18 as shown in FIG. 4. 

Instead, the prior systems would carryover all of the 
node data and road segment data for the roads shown in 
FIG. 3, except for deleting road segment data that just 
pertained to road segments for the residential or lower 
roads that were not in layer 18. Traveling along a 
straight road between intersections 334 and 341 you 
would encounter seven road segments in the first layer 
17 comprising road segments ISl through 1S7 . Prior 
systems would retain all of these seven road segments as 
individual road segments when a prior system implemented 
its next higher layer which included the straight road 
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between 334 and 341. An advantage of such a structure 
would be that you don't have to reformat the road data 
on the second or higher layer to define a straight line 
road path between the intersections 334 and 341. 
5 However, the multiple layer road memory storage device 
13 in the present route planning system 10 does not 
retain these seven segments. Instead, the system 10 and 
memory device 13 essentially stores super road segments 
in layer 18 consisting of segments 2S1, 2S2 and 2S3 
10 (FIG, 4) which correspond to the straight line road path 
between the intersections 334 and 341. 

While the system 10 contemplates reformatting of 
road data to define super segments, such as segment 251, 

15 a substantial benefit is achieved in that substantially 
less storage space is required for the second layer 18 
in the memory device 13 than would be required for a 
prior art second layer. In addition, there is a 
substantial improvement in the efficiency of route 

20 planning which occurs. This is because all route 

planning contemplates stopping at each road segment end 
node, corresponding to an intersection, and inquiring 
what other road segments are connected to it and then 
selecting a road segment that is connected to this node. 

25 For the straight line road between intersections 334 and 
341, there are seven segments and six interim nodes 
(135, 236, 137, 138, 339, 140) contained in the layer 17 
comprising the lowest road map layer 17 in FIG. 3. A 
prior art second or higher layer would retain all these 

30 segments and nodes. Thus for prior art first or second 
layer route planning, at each of the six interim nodes a 
search routine would be executed to compile a list of 
all possible road segments that are connected to tlie six 
interim nodes, and then there would be an additional 

35 computer step to select the optimum road segment 

connected to each interim node. By reducing the number 
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of interim nodes between the nodes 334 and 341 to only 
two nodes (236, 339) in layer 18 shown in FIG. 4, 
obviously fewer computer calculations are required. 
Also, as was previously mentioned, less storage space is 
required. This is because layer 18 stores only the 
three segments 2S1~2S3 rather than seven segments in the 
second layer to cover the straight road distance between 
nodes 334 and 341. 



Referring to FIG. 7, all of the road segment 
information which is preferably typically stored for 
each individual road segment is shown in a chart portion 
19. Thus for each road segment, a segment ID number is 
stored which identifies that specific road segment of a 
road. in addition, a road ID number is stored that 
identifies which road the segment is a part of. The 
length of the road segment is also stored along with 
information as to the number lanes in the actual road 
which corresponds to the stored road segment. 
20 Additional information is provided regarding any 

restriction class for the road segment, such as not 
permitting trucks over a certain weight. Also, 
information is stored as to whether the road segment is 
one way or not and in which direction the road segment 
is directed. A number is also stored relating to the 
impedance of this road segment wherein this impedance is 
a function of the road width, the class of the road, the 
speed limit and several other factors which may include 
the time of day wherein this impedance number would be a 
dynamically calculated number. Information is also 
stored with regard to the posted speed limit for the 
specific road segment. In addition, for each road 
segment there is stored the latitude, longitude and 
logical altitude of both a right end node and left end 
35 node between which the road segment extends. These 

right and left end nodes correspond to the end points of 
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the road segment. These end nodes also correspond to 
the intersection, in one road layer, of a road segment 
of one road with a road segment of a different road in 
the same layer . 

It should be noted that, for example, the road 
segments 251-2517 in the higher layer 18 shown in FIG, 4 
are each equivalent to the combination of several of the 
individual road segments stored in the lower layer 17 
shown in FIG. 3- For example, the segment 2S2 in FIG. 4 
contains all the necessary information, for layer 18, as 
was contained in the segments 1S3, 1S4 and 1S5 in FIG. 
3. However, now only one road segment, with one 
composite length euid the other information in chart 
portion 19, is stored for segment 2S2, rather than 
storing three segments corresponding to the segments 
1S3, 1S4 and 1S5 in layer 18. 

It should also be noted that the term "node" as 
used herein refers to the intersection of a road in one 
layer with another road also contained in that layer. 
Also, the terminology "right node" emd "left node", as 
stated in the chart portion 19 in FIG. 7, refers to the 
end points of a specific road segment . If the road 
segment is substantially horizontal (east-west), the 
node which is physically on the left (west) side of the 
road segment is called the left node and node which is 
on the right (east) side of the road segment is called 
the right node. If the road segment is substantially 
vertical (north-south) , then the top (north) node is 
considered the left node and the bottom (south) node is 
considered the right node. This node terminology is not 
significant, except that some convention has to be., 
established for these end point nodes of the road 
segments in order to achieve route planning. 
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In addition, in case the road segment is not a 
straight road segment, it may be necessary to break up 
the road segment into piecewise linear approximations. 
This has been done in prior systems wherein the interim 
points for such piecewise linear approximations are 
referred to herein as shape points . These shape points 
differ from nodes in that the the shape points do not 
correspond to intersections of a road segment with road 
segments of a different road, but are merely utilized to 
better define the actual position of the road for route 
navigation and/or vehicle location purposes. In route 
planning, the existence of these shape points is 
essentially ignored except that they may have some 
15 effect on the impedance number for the road segment. If 
a road segment has shape points, chart portion 19 will 
indicate that the "No. of Points in Segment" is more 
than 2 since the end nodes would count as 2 points in 
tiie segment. If a road segment has a shape point, then 
the road segment will consist of several shape segments. 
Information regarding these shape segments is stored in 
an additional chart portion 20 shown in FIG. 7. The 
additional information concerning the shape segments 
consists of the road segment ID, the latitude, longitude 
and logical altitude of the shape segment end points 
(shape points) , an index number describing the number of 
the shape segment being specified, information as to the 
length of this specific shape segment and information as 
to heading of the shape segment. 



20 



25 



30 



35 



It should be noted that when the term "logical 
altitude" is utilized herein referring to shape points 
or nodes, this is used as an indication of the logical 
stacking of multiple road segments which cross each 
other. Thus, for example, roads which cross each other 
but do not actually intersect since there is an 
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underpass or overpass would have different logical 
altitudes associated with nodes that may exist at that 
apparent but not actual intersection. This information 
is therefore used to determine if a road segment 
5 actually intersects another road segment since the nodes 
for that intersection, if the roads do intersect/ would 
have the same logical altitude. 

With regard to the above discussion of shape 
10 points, FIG- 6 illustrates how the segment 2S2 shown in 
FIG. 4 could comprise a single road segment coirrprising 
three shape segments numbered 1 through 3 (SS1-SS3) and 
two interim shape points SPl and SP2 . What is shown in 
FIG. 6 in solid line form is the actual curvature of 
15 the road, for exaznple, whereas a straight line piecewise 
linear approximation of the road is shown in dashed form 
in FIG. 6, 

A major feature of the route planning system 10 is 
20 that the storage of road information in various layers 

will utilize substantially less storage space. This can 
readily be determined by noting that a higher layer such 
as the second layer 18 in FIG. 4, only includes 17 road 
segments to cover the same geographical area as the 52 
25 road segments shown in FIG. 3. When it is realized that 
each road segment must include all of the information in 
chart portion 19 shown in FIG. 7, it then can be 
appreciated that this memory storage savings is 
significant. Prior systems would not reformat the road 
30 segment data to create super segments. Thus a prior art 
second layer corresponding to layer 18 would store 33 
road segments - 

As noted before, the route planning system 10 also 
35 enhances the speed of route planning because fewer 
decisions are required since fewer road segment end 
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nodes are utilized in the higher layers. While prior 
systems attempted to improve route planning efficiency 
by eliminating lower level roads from higher level road 
layers and then performing route planning on the higher 

5 road level layers, they did not reformat the data for 
the higher level layers. This resulted in still 
requiring time consuming searches for all road segments 
connected to intersections that, in the higher level 
layer, only had one additional road segment of a road 

10 connected to it other than the road segment of the same 
road used to reach that node. While the FIGs . 3 through 
5 just illustrate the saving of a few nodes and the 
reducing of the number of road segments by a few road 
segments as compared to the prior art, it certainly can 

15 be appreciated that in a typical metropolitan area there 
will be many thousands of nodes and road segments for 
the lowest detailed layer. Because of this, route 
planning was significantly impaired when prior systems 
attempted to plan a route across large areas of a 

20 metropolitan city involving the crossing of thousands of 
road intersections of arterial highways and limited 
access highways with residential streets . The present 
system and the prior systems would eventually arrive at 
the same route as being an optimum route. However, the 

25 prior systems would include thousands of additional 

computer steps at nodes which are not necessary in the 
higher layers. This makes the prior systems inefficient 
in their route calculations, whereas the present route 
planning system overcomes this deficiency. 

It should be noted that while a higher layer, such 
as layer 18 in FIG. 4, is shown as having fewer nodes, 
the road segments for such a higher layer, such as 
segment 2S2, may have additional shape points within it 
35 to describe changes in direction of the road segment. 
Such possible shape points are shown in FIG. 6. 
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However, shape points are not utilized in the basic 
route planning calculation and therefore there existence 
does not slow down route planning. Thus, while the 
segment 2S2, for example, in FIG, 4 may have a 
5 relatively large chart portion 20, as shown in FIG. 1, 
to describe its interim shape points, the size of its 
road segment information portion 19 will be 
substantially the same .as that of any of the road 
segments in layer 17. This is only being mentioned 

10 because it is possible that in a higher layer, such as 
layer 18 in FIG. 4, some lower level nodes, such as 
nodes 137 and 138, may be carried forward into the 
higher level layer as shape points instead of nodes 
which correspond to intersections of different roadways 

15 in the layer 18. This will not effect the efficiency of 
route plcoining and merely results in a somewhat more 
extensive shape point memory portion 20 for defining the 
road segment 2S2. A system which carries all low level 
layer nodes forward as either nodes or shape, points of 

20 super segments of a higher layer is feasible and will 
still utilize less overall storage space and have 
greater route planning efficiency than prior systems . 

Referring to FIG* B, a flowchart 21 representing 
25 the operation of the route planning system 10 is 

illustrated. The flowchart 21 essentially represents 
the operation of the navigation computer 11 in utilizing 
the road data in the road map data memory device 13 to 
perform a route planning function. The flowchart 21 is 
30 therefore representative of the programming of the 

navigation computer 11. The flowchart 21 is entered at 
an initial step 22 which determines the highest road 
data layer to be used in route planning. Essentially^ 
the distance, "as the crow flies", from the origin 
35 location of the vehicle to the desired destination is 

used to determine the highest search layer to be used in 
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route planning. The greater the distance between the 
origin and the destination, the higher the layer which 
will be used as the maximum possible layer for route 
planning. For exaxt?>le, if 2,000 miles separate the 
5 origin and the destination, you would probably use up to 
the highest possible map layer for route planning. 
Whereas if only 2 miles, for exan^le, separate the 
origin from the destination, probably just the lowest 
and most detailed map layer would be the highest layer 
10 utilized. All that process block 22 determines is what 
is the maximum possible road map layer to be used in any 
route planning. This determination is based on the 
distance between the origin and the destination.- 

15 After process block 22, control passes to a 

process block 23 which determines the closest initial 
nodes to the exact longitude and latitude positions of 
the origin and destination. After process block 23, 
control passes to process block 24 which performs a 

20 route search subroutine to determine the optimum route 
from the origin and destination to their associated 
closest initial nodes. The operation of this route 
search subroutine in process block 24 and a similar 
route search subroutine in a subsequent process block 25 

25 is schematically illustrated by a flowchart 28 shown in 
FIG. 9. After a route to the initial nodes has been 
found by block 24, then control passes from process 
block 24 to process block 25 which performs a route 
search subroutine starting at each of the initial nodes 

30 in order to find a route from each of these nodes to the 
other. This double searching from each initial node 
towards the other initial node is conventional and is 
used in most prior route search subroutines. Such-, 
double end searching is conventionally termed double 

35 ended A-star searching. This double searching continues 
per process block 25 until the double searching has 
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determined tiiat each of the routes being searched has 
then reached the same road segment as determined by 
decision block 26. When this has occurred, control 
passes to a process block 27 which returns the entire 
5 found route and stores it in the route memory location 
IIB in the navigation computer 11. This entire route 
includes the route (per block 25) to be travelled 
between the initial nodes closest to the origin and 
destination and the route (per block 24) from the origin 
10 and destination locations to these initial nodes. 

Essentially/ block 23 determines what is the 
closest road map node to each of the destination and 
origin locations. Since the origin and destination are 

15 defined in terms of latitude and longitude and so are 

the nodes, clearly this does not represent a complex or 
difficult programming step. The process block 24 then 
determines how do I get from the origin or destination 
to this closest initial node. The process block 25 

20 determines how do I optimally travel between these 
initial nodes. The steps in blocks 24 and 25 are 
achieved by implementing the route search subroutine 
shown in FIG. 9 as flowchart 28. 

25 Referring to FIG. 9, the search subroutine 

flowchart 28 is entered at an initial process block 2 9 
which determines the current road map search layer to be 
utilized based on a current node ID wherein the node has 
been determined to be part of the route to be 

30 calculated. If the search subroutine is to find a route 
from the origin or end destination to the previously 
identified closest initial node, then this initial node 
as well as the origin or end destination locations ..will 
determine the current search layer. Once route planning 

35 has proceeded so that a node is now added as part of the 
route and is a starting point for route planning, that 
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node will determine the search layer. It should again 
be noted that each node has a ntamerical designation as 
shown in FIGs. 3 through 5, and that the initial 
numerical designation determines the highest layer on 
5 which that node will exist with that node also existing 
on all lower layers. It should also be noted that the 
step 29 will also take into account the maximum search 
layer determined by the process block step 22 such that 
for short distances, for example, a very high level 
10 search layer will not be utilized even if the closest 
initial node or the latest node identified as being a 
starting point for the calculated route appears on a 
high level layer. 

15 After process block 29, control passes to process 

block 30 which implements a search for all segments on 
the current search layer which are connected to the 
current node. Thus, for example, if the current search 
layer is layer 17 shown in FIG. 3, and the current node 

20 is nbde 252, road segments 1S25, 1S32, 1S33 and 1S40 

will be retrieved. However, if the current search layer 
is the higher search layer 18 shown in FIG. 4, then road 
segments 2S5, 2S8, 2S9 and 2S12 will be retrieved. 

25 After process block 30, control passes to process 

block 31 which determines which of these retrieved 
segments will be used for the desired route. This is 
determined in accordance with a route planning algorithm 
and any such algorithm can be implemented while still 

30 achieving the improvement and savings achieved by the 

present invention. One criteria which might be used to 
determine the segment to be selected could be its 
connectivity to a higher search layer if the current 
search layer is less than the highest permissible search 

35 layer determined by process block 22. Details of the 

search algorithm comprising the step 31 are not provided 
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since the specifics of this search algorithm are not 
significant with regard to the improvement achieved by 
the multiple layer road map data memory utilized in the 
route planning system 10 and since any such route 
5 planning algorithm can be utilized. 

Once an optimal road segment is selected by the 
process block 31, control passes to a process block 32 
which temporarily stores this selected road segment and 
10 its associated nodes for utilization in road segment 

comparisons to be implemented by the process block 26. 
Also, any new node found by process block 31 and added 
to the route will now become the next current node. 

15 From the above description of the route planning 

system 10, it is apparent that the creation of super 
segments which form the higher layer road segments 
stored in the road map memory device 13 comprises a 
significant feature which allows minimizing the amount 

20 of storage space used for road map data while increasing 
the efficiency of route planning. While we have shown 
and described specific embodiments of the present 
invention, further modifications and improvements will 
occur to those skilled in the art. Such modifications 

25 could, for example, include providing only one higher 

layer of roadway data or more than two higher layers of 
roadway data. Such modifications could also include 
retaining some of the nodes in the lowest layer, layer 
17, as shape points in the next highest layer, such as 

30 layer 18 . Another modification could be providing a 

system which implements route planning despite dynamic 
or static route exclusion of a super segment in a higher 
layer. All this would do would be to possibly require 
alternate route planning on a lower layer to get around 

35 the excluded super segment. However, all such 
modifications which retain the basic underlying 
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principles disclosed and claimed Herein are within the 
scope of this invention. 
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What is claimed is: 

5 1 . A multiple layer road memory storage device 

comprising: 

a road memory means for storing therein road 
data defining fixed roadways located in a predetermined 
geographical area, wherein said road data is 
10 hierarchically stored in multiple layers in said memory 
means , 

said memory means including a first portion 
for storing a first detailed layer of road data 
designating a large number of first layer roadways of 

15 various categories and their intersections with each 
other, each stored first layer roadway is defined at 
least by individual stored first layer road segments 
which extend between stored first layer nodes that 
correspond to each of said first layer roadway 

20 intersections, 

said memory means also including a second 
portion for storing a second higher level layer of road 
data designating only some of said large number of first 
layer roadways as second layer roadways and designating 

25 second layer roadway intersections between each of said 
second layer roadways, 

wherein each of said stored second layer 
roadways is defined at least by individual stored second 
layer road segments which extend between stored second 

30 layer nodes which correspond to intersections of 

roadways designated in said second layer with other 
roadways designated in said second layer rather than 
between intersections of roadways in said second layer 
with roadways/road segments designated in said first 

35 layer but not in said second layer. 
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2. A route planning device coi!5)rising: 

a road memory means for storing therein road 
data defining fixed roadways in a predetermined 
5 geographical area, and 

a route planning coxnputer means coupled to 
said road memory means for receiving said road data and 
using it to determine a desired route to a destination 
via said fixed roadways, 

10 wherein said road data is hierarchically 

stored in said memory means and is stored as a first 
detailed layer designating a large number of first layer 
roadways of various categories and their intersections 
with each other^ each stored first layer roadway is 

15 defined at least by individual stored first layer road 
segments which extend between stored first layer nodes 
that correspond to each of said first layer roadway 
intersections/ and said road data is also stored in said 
memory means as a second higher level layer having data 

20 designating only some of said large number of first 
layer roadways as second layer roadways and data 
designating second layer roadway intersections between 
each of said second layer roadways, wherein said second 
layer of road data defines said second layer roadways by 

25 individual second layer road segments which extend 

between intersections of roadways in said second layer 
with other roadways in said second layer, rather than 
between intersections of roadways in said second layer 
with roadways /road segments designated in said first 

30 layer but not in said second layer, and wherein said 

route planning computer uses at least said second layer 
road segments, as stored in said second layer, in 
determining said desired route. 



35 



3. A device according to any of claims 1 or 2 
wherein at least some of said stored second layer road 
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segments are equivalent to the combination of several of 
said road segments stored in said first layer. 

4 . A device according to claim 3 wherein each of 
5 said road segments stored in said first and second 

layers has two end points between which the road segment 
extends^ and each stored road segment includes stored 
end node data defining the location of two node points 
corresponding to said two end points of each of said 
10 road segments. 

5. A device according to claim 4 wherein some of 
said node points in said first layer correspond to node 
points in said second layer. 

15 

6. A device according to claim 5 wherein some of 
said node points in said first layer correspond to shape 
points in said second layer, wherein said second layer 
shape points are located within a road segment in said 

20 second layer but do not correspond to any end point of a 
road segment in said second layer. 

7 . A device according to claim 5 wherein some of 
said node points in said first layer have no 

25 corresponding road segment node points in said second 
layer . 

8. A device according to claim 7 wherein all of 
said node points in said second layer correspond to node 

30 points in said first layer. 

9. A device according to any of claims 1 or 2 
wherein said stored road data for each of said stored 
road segments in said first and second layers includes a 

35 segment ID for each stored road segment and the length 
of said stored road segment. 
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10. A device according to claim 9 wherein said 
stored road data includes, for each of said road 
segments in any of said first and second layers, node 

5 data defining the location of node points at each end of 
said road segment. 

11. A device according to claim 2 wherein at 
least some of said road segments stored in said second 

10 layer and used by said route planning computer are 

equivalent to the combination of several of said road 
segments stored in said first layer, wherein each of 
said road segments stored in each of said first and 
second layers has two end points between which the road 

15 segment extends and each stored road segment includes 
end node data defining the location of two node points 
corresponding to said two end points of each of said 
road segments, and wherein said route planning con5>i3ter 
means includes means for searching for all road segments 

20 in said second layer which include a predetermined node 
point in said second layer. 

12. A device according to claim 11 wherein some 
of said node points in said first layer correspond to 

25 node points in said second layer and wherein said route 
planning computer means also includes means for 
searching for all road segments in said first layer 
which include a predetermined node point in said first 
layer . 
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